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Abstract The diagnosis of small peripheral lung cancer is di⁄cult to achieve by non-invasive methods.We hypothe-
sized that inthese patients induced sputummight increase the diagnostic yield over spontaneous sputum, representinga
good diagnostic alternative in selected patients.We prospectively evaluated 60 patientswith peripheral lung lesions and
normal bronchoscopic evaluation. Six samples of sputum (three spontaneous and three induced with nebulization of
hypertonic saline) before bronchoscopy and six samples of sputum after bronchoscopy (three spontaneous and three
induced) were obtained in each subject. Forty-two out of the 60 patients included were ¢nally diagnosed with lung
cancer.Eighteen patients were diagnosedwith di¡erent benign conditions of the lung.Overall, malignant cells in sputum
were observed in 21patients and in all but one, the ¢nal diagnosis of lung cancer was achieved.Only one patient with a
pseudoin£ammatory tumour of the lung had a false-positive result in one spontaneous sputum sample.The diagnosis of
lungcancerwas obtainedin18 patientswiththe induced sputum (43%) andin14 patientswith spontaneous sputum (31%)
(P=NS). Samples of induced sputumweremore adequate for cytological analysis than samples of spontaneous sputum
(P50?0001).Of13 patientswithperipherallungneoplasmsof 2 cmorlessin diameter, ¢vewere diagnosedusing induced
sputum (38%) and only one using spontaneous sputum (8%) (P50?05). In conclusion, induced sputum is a valuable
technique for thediagnosis ofperipherallungcancer.Induced sputumgivesbetterqualityspecimens andbetterdiagnostic
yield in small lesions than the spontaneous sputum andmay be indicated in selected patients with disseminated disease,
inoperabilityor severe co-morbilities.c 2001Harcourt Publishers Ltd
doi:10.1053/rmed.2001.1173, available online at http://www.idealibrary.comon
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Fibreoptic bronchoscopy (FBS) is the procedure of
choice for the diagnosis of lung cancer (1,2). FBS not only
has a high diagnostic yield in this disease but also gives
information regarding the potential resectability of the
neoplasm. The diagnostic yield of FBS decreases signi¢-
cantly when the tumour is located in the periphery of
the lung and is not visible endoscopically (3). Although
in these cases the diagnosis of malignancy can be estab-
lished by alternative procedures such as transthoracic
needle aspiration biopsy (TNAB) or surgery, these tech-
niques are costly, invasive andnot free of signi¢cantmor-Received 26 April 2001and accepted in revised form 20 June 2001.
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Pneumologia,Hospital Cl|¤nic,Villarroel170, 08036 Barcelona, Spain.
Fax: 34 3 93 2275455; E-mail: cagusti@medicina.ub.esbidity and mortality (4) . Since many patients with lung
cancer are already non-surgical candidates when ¢rst
evaluated due to the extension of the neoplasm,
advanced age or presence of di¡erent co-morbilities, it
is of paramount importance to try to establish the diag-
nosis as simply andnon-invasively as possible (5). Sputum
cytology analysis is a simple, non-invasive and low cost
procedure, with a high diagnostic yield for lung cancer,
provided that a su⁄cient number of samples are evalu-
ated (6). However, similarly to FBS, the diagnostic yield
of sputum cytology analysis decreases when the lesion is
located in theperipheryof the lung (3,7,8). In1991, Khajo-
tia et al. (9) demonstrated that the analysis of sputum
samples obtainedby inhalation of hypertonic saline signif-
icantly increases the diagnostic sensitivity of lung
cancer, compared to the analysis of ordinary sputum.
These authors, however, did not make any distinction
INDUCEDSPUTUMINPERIPHERALBRONCHIALCARCINOMA 823betweenpatientswith peripheral or central airways lung
cancer (9). In the present study we postulated that
induced sputum could also be a valid alternative to speci-
¢cally diagnosed cases of peripheral lung cancer and nor-
mal FBS exploration, hence avoiding the use of invasive
and costly diagnostic techniques in selected patients.
The aims of the present study were: (1) to compare the
diagnostic yield of induced and spontaneous sputum in
patients with suspected lung cancer located in the
periphery of the lung in whom FBS exploration was
normal; and (2) to ascertain the factors determining
the reliability of cytological analysis of induced sputum
in this context.
METHODS
Population studied
Seventy consecutive patientswith suspected lung cancer
referred to the Bronchoscopy Unit were originally in-
cluded into the study. Inclusion criteriawere: (1) presence
of a peripheral lesion in the chest X-ray ¢lm (located in
the distal third of the lung parenchyma) with a suspicion
of lung cancer and (2) absence ofmacroscopic in¢ltration
of the bronchialmucosa in the FBS investigation.Ten out
of the 70 initially recruited patients were eventually not
included: twopatients refused to participate, six patients
had macroscopically evident neoplastic in¢ltration dur-
ing FBS and two patients did not tolerate the FBS. The
¢nal population included 60 subjects, 48 males (85%)
and 12 females, with a mean age of 61+13 years.
(mean+ SD) (range, 26^84 years.). Thirty-six patients
were currently smokers (31+17 pack-years),19were for-
mer smokers (quitting tobacco at least 5 years previous
to inclusion in the study) and ¢ve were non-
smokers. Radiographic abnormalities of the study
population consisted of nodules or in¢ltrates (major dia-
meter, 3?6+ 0?4 cm; range, 0?5^ 8 cm).FIG. 1 Graphic representation of the study design.One sample of
were collectedon 2 di¡erentdaysprior totherealizationofthe FBS
set of spontaneous and induced sputum was also obtained both b
possible,12 samples of sputumwere evaluated for each patient (six
after the FBS).Study design (Fig.1)
The studydesign included the evaluation of one sample of
spontaneous sputum followed by one sample of induced
sputum for 2 days prior to the FBS.One sample of spon-
taneous and one of induced sputumwere obtained both
before, and immediately after the FBS examination and
the following 2 days. In short, a total of 12 sputum sam-
ples were obtained in each patient: six samples prior to
FBS (three spontaneous and three induced sputums) and
six after FBS (three spontaneous and three induced spu-
tums). Informed consentwas obtained in all the patients.
Ethical approval for the study was obtained from the
Hospital Clinic.
Procedures
Samples of spontaneous sputum were collected in the
early hours in the morning.Once the spontaneous spu-
tum sample was collected into a plastic container, pa-
tients rested for 10 min and rinsed their mouth
thoroughly.Then, they inhalednebulized sterile 3% saline
for 20min from aDeVilbiss Ultraneb 99 ultrasonic nebu-
lizer (Healthcare Inc. Somerset, PA, U.S.A.). Subjects
were encouraged to cough throughout the procedure
and regularly interrupted inhalation to facilitate the ex-
pectoration of secretions into a clean plastic container.
Both spontaneous and induced sputum specimens
were immediately sent to the laboratory and
processed according to standard procedures (10). Four
Papanicolaou-stained smears were obtained from each
sample. The sputum specimens were considered
unsatisfactory for cytological analysis when they mainly
consisted of saliva or mucopurulent secretions, without
a signi¢cant number of alveolar macrophages. A cyto-
pathologist (M.S.) reviewed the specimens to establish a
¢nal cytological diagnosis. Positive sputum specimens
were made up of cells with de¢nite features of
malignancy.spontaneous sputum followed by one sample of induced sputum
andalso onthe 2 followingdays.The day the FBSwasperformed, a
efore and immediately after the procedure. In short, whenever
spontaneous and six induced, half of thembefore and half of them
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Results are expressed as mean+ standard deviation
(SD). Proportions were compared by chi-square test and
uncorrected P-values are reported. Operative indices
were calculated for both spontaneous and induced spu-
tumwith either histologyor compatible clinical course as
the referencemethod (see Results).The observed di¡er-
ences in operative performancewere subjected to a Chi-
square test in order to quantify the statistical signi¢-
cance.
All operative performances are given in numbers (n)
and percentages (%). All data were analysed and pro-
cessed on SPSS Version 8.0 on a Windows 98 operating
system.
RESULTS
Table 1 shows the ¢nal diagnosis of the population
included in the study. Forty-two of the 60 patients
(70%)were ¢nallydiagnosed as having di¡erent lungneo-
plasms. Eighteen out of the 42 lung neoplasms (43%)
were located in the right upper lobe,13 (31%) in the left
upper lobe, seven (16?7%) in the left lower lobe and four
(9?5%) in the right lower lobe. The de¢nitive diagnostic
technique in patients with lung neoplasms was: surgery
(tumour resection) in18 patients (42?9%),TNAB in10 pa-
tients (23?8%) and FBS (bronchialwashings and/or trans-
bronchial biopsies) in nine (21?4%). In ¢ve patients theTABLE 1. Distributionofthedi¡erentdiagnosesinthe 60
patients evaluated
n %
Lung neoplasms
Adenocarcinoma 29 48?3
Squamous carcinoma 4 6?7
Small cell carcinoma 3 5
Large cell carcinoma 2 3?3
NSCLC* 2 3?3
Metastasis 2 3?3
Total 42 70
Benign conditions
Spontaneous disappearance{ 6 10
Radiographic stability{ 4 6?6
Active tuberculosis 2 3?3
Pseudoin£ammatory tumour 2 3?3
Bronchogenic cyst 2 3?3
Tuberculoma 1 1?7
Haematoma 1 1?7
Total 18 30
*Non-small cell lungcarcinoma.
{After antibiotic treatment.
{Aftermorethan 2 yearsofperiodicchestX-raycontrols.diagnosis of lung cancerwas obtainedby sputumanalysis,
without con¢rmation with other techniques. In these
¢ve patients, the advanced age (all of them4 80 years
old), low performance status and the presence of meta-
static spread of the neoplasm in organs other than the
lung precluded from other diagnostic procedures.
Eighteen patients (30%) of the population studied had
benign conditions of the lung.Radiographic condensation
disappeared with antibiotic treatment in six patients,
and remained unchanged for more than 2 years in four.
Pulmonary tuberculosis was diagnosed in two patients
with radiographic resolution after speci¢c treatment.
The six remaining patients were diagnosed after surgical
resection (seeTable1).
Diagnostic yield of spontaneous sputum
(Table 2)
Fourteen of the 42 patients with a de¢nitive diagnosis of
lung cancer had malignant cells in the spontaneous spu-
tum specimen (10 adenocarcinomas, two squamous car-
cinoma, one small cell carcinoma and one non-small cell
carcinoma). In12 cases, malignant cells were observed in
only one sample.Two patients had two di¡erent samples
positive for malignant cells. The diagnostic sensitivity of
spontaneous sputum for lung cancer was 31%, the speci-
¢city was 94%, the positive predicted value (ppv) was
93% and the negative predicted value (NPV) was 38%.
There were 105 unsatisfactory spontaneous sputum
samples (31%).One false-positive specimen (squamous
carcinoma) was obtained from a patientwith a surgically
resected pseudoin£ammatory tumour. In eight patients
the diagnostic specimen was obtained prior to FBS and
in six thereafter.
Diagnostic yield of induced sputum (Table 2)
Eighteen of the 42 patients with a de¢nitive diagnosis of
lung cancer had malignant cells in the induced sputum
specimen (13 adenocarcinomas, two squamous carcino-
mas, one small cell carcinoma and two non-small cell car-
cinomas). One patient had three induced samples
positive for malignant cells, seven patients had two and
10 patients had only one.The diagnostic sensitivity of in-
duced sputum for lung cancer was 43% (P=0?5 com-
pared to the sensitivity of spontaneous sputum),
the speci¢city, 100%, the PPV, 100% and the NPV,
43%, with no false-positive results. Only 49 (14%)
induced sputum samples were considered unsatis-
factory (p50?00001compared to spontaneous sputum).
Two patients had positive samples from specimens
obtained both before and after the FBS. In six patients
the positive sample(s) were obtained only from pre-
bronchoscopic specimens and in 10 patients only from
post-bronchoscopic specimens.
FIG. 2 Diagnostic yield (sensitivity %) of sputuminpatientswith peripheral lung cancer (n=42) depending onthe numberof samples
evaluated.The sensitivity of both spontaneous (open bars) and induced (solid bars) steadily increases as the number of samples evalu-
ated is higher.No di¡erenceswere found betweenthe diagnostic sensitivityof spontaneous and induced sputumwhen all the samples
obtainedwere evaluated.
TABLE 2. Diagnostic yield of di¡erent samples of sputuminthe population studied (n=42)
Sensitivity Speci¢city PPV NPV
Sputum (
spontaneous and induced)
48 94 95 44
Spontaneous sputum 31 94 93 38
Induced sputum 48 94 100 43
PPV: positive predictive value;NPV: negative predictive value.
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spontaneous and induced sputum taken together, we
observed that 20 of the 42 patients with lung cancer
were diagnosed based on sputum cytology analysis
(sensitivity, 48%; speci¢city, 94%; PPV, 95%; NPV,
44%;Table 2). In11of these 20 cases (55%) with lung can-
cer and positive cytological analysis of the sputum, the
diagnostic samples were obtained both spontaneously
and with the induced technique; in eight cases (40%)
using the induced technique and in one case (5%) with
the spontaneous technique alone. The number of cases
of lung cancer diagnosed with sputum analysis increased
in accordance with the number of samples evaluated
(Fig. 2).Diagnostic yield of spontaneous and induced
sputumin radiological lesionswith 2 cmor
less in diameter (Table 3)
Twenty-one of the 60 patients included (35%) had radio-
graphic lesions with 2 cm or less in diameter.Of these 21
patients, eight (38%) had benign conditions and 13 (62%)
had di¡erent lung neoplasms: two with metastatic
lesions, nine with adenocarcinoma, one with small cell
carcinoma and one with large cell carcinoma. One
patient with a pseudoin£ammatory tumour of the lung
had a false-positive result in one of the spontaneous
sputum samples. Only one of the 13 patients with lung
neoplasms had malignant cells in the spontaneous
TABLE 3. Diagnostic yield of di¡erent samples of sputuminpatientswithradiological lesions 2 cmor less inmaximal diameter
(n=21)
Sensitivity Speci¢city PPV NPV
Sputum (spontaneous and induced) 38 87 83 50
Spontaneous sputum 8 87 50 37
Induced sputum 38* 100 100 50
PPV: positive predictive value;NPV: negative predictive value.
*P5 0?05 compared to spontaneous sputum.
FIG. 3 Diagnostic yield (sensitivity%) of sputuminpatientswithperipherallungcancerof less than 2 cmindiameter (n=21) depending
on the number of samples evaluated.The sensitivityof both spontaneous (open bars) and induced (solid bars) steadily increases as the
numberof samples evaluated is higher. *Therewas a statistically signi¢cantdi¡erence (P5 0?05) betweenthe diagnostic sensitivityof
spontaneous and induced sputumwhen all the samples obtainedwere evaluated.
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in one induced sputum sample). In contrast, ¢ve of the
13 patients with lung neoplasms had at least one induced
sputum sample positive for malignant cells (one patient
had two positive samples). The diagnostic sensitivity of
spontaneous sputum in this population was 8%, the
speci¢city 87%, the PPV 50% and the NPV 37%. The
diagnostic sensitivity of induced sputum in this
population was 38%, the speci¢city 100%, the PPV100%
and the NPV 50%. There was a signi¢cant di¡erence
between the diagnostic sensitivity of induced and
spontaneous sputum in patients with radiological lesions
of less than 2 cm in maximum diameter (P5 0?05)
(Fig. 3).DISCUSSION
The results of this study show that: (1) induced sputum is
a useful technique for the diagnosis of peripheral lung
cancer not visible endoscopically and (2) induced sputum
is speci¢cally helpful in lesions with less than 2 cm in
maximal diameter. A higher quality of samples obtained
for cytological analysis with the induced technique could
partially explain the good results obtained.
Khajotia et al. demonstrated that samples of sputum
obtained by inhalation of hypertonic saline signi¢cantly
increase the diagnostic sensitivity of lung cancer com-
pared to analysis of ordinary sputum (9). Although in this
study there was no mention of the anatomical situation
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located in central airways, since the diagnosis was con-
¢rmed by FBS in 95% of the patients (9). In the present
study we aimed to con¢rm the good results obtained
byKhajotiaetal. in a selectedpopulation of patientswith
lung lesions located in the periphery of the lung with
normal FBS evaluation.
Using the induced sputum technique, we have
obtained the diagnosis in 43%of thepatientswithperipher-
ally located, non-endoscopically visible lung tumours.
This percentage is higher than the one obtained in the
same population using spontaneous sputum (although
the di¡erence did not reach statistical signi¢cance) and
also compares favourably with the reports of the litera-
ture where the diagnostic sensitivity of spontaneous
sputum in similar lesions ranges between 8 and 30%
(3,7,8,11,12). Remarkably enough, only one patient was
diagnosed by means of a spontaneous sample analysis
alone. The other 12 patients with a positive cytological
analysis with an spontaneous sample also had some in-
duced sputum sample showing atypical cells.
One of the factors clearly predicting the accuracy of
sputum cytology in the diagnosis of lung cancer is not
only the localization of the lesion but also its size: the
smaller the diameter the lesser the chance of obtaining
the diagnosis (13,14).We therefore evaluated the role of
induced sputum in the diagnosis of peripheral lesions
with 2 cm or less in diameter with normal FBS explora-
tion. In this selectedpopulation, induced sputumwas sig-
ni¢cantly better than spontaneous sputum: ¢ve out of
the13 patients with lung cancer lesions with 2 cm or less
in diameter had one or more positive samples using
induced sputum (38%). In contrast, only one of these 13
patients had a positive samplewith spontaneous sputum
(8%) (P5 0?.05). The reasons that can explain a signi¢-
cantly better sensitivity of induced sputum only in the
smaller lung cancer lesions are not obvious at ¢rst
glance.One possible explanation is that in large tumours
the spontaneous sheddingofmalignantcells is a relatively
frequent phenomenon, such that the chances of obtain-
ing malignant cells in spontaneous sputum analysis
increase. By contrast, the hypertonicity of the solution
inhaled with the induced technique might cause the dis-
ruption of atypical cells in tumours of very small size that
under normal circumstances would not spread out into
themain bronchi. Another factor that canmodulate the
diagnostic accuracy of sputum cytology is the adequacy
of the specimens evaluated (9,15). In thepresent study we
have con¢rmed that the quality of induced sputum is
much better than that of the spontaneous samples,
probably explaining to some extent the better results
obtainedwith the induced technique.
Certainly, the high number of sputum samples evalu-
ated per patient may have in£uenced the good results
obtained. It is well known that the diagnostic yield of
sputum analysis increases with the number of samplesanalysed, being necessary to evaluate at least ¢ve
specimens to maximize diagnostic yield (6,14,16). In the
present series, we analysed 12 samples for each patient
and we con¢rmed that with both the spontaneous and
induced sputum techniques the diagnostic sensitivity
improves as the number of samples evaluated increases
(Figs 2 and 3).Moreover, we did not observe any‘plateau
e¡ect’ and some patients were diagnosed with lung
cancer by sputum cytology after several previous nega-
tive specimens. Inhomogeneity of sputum smears, the
presence of relatively few diagnostic cells found in each
sample and the irregular exfoliation of cells from the
tumour are some of the reasons that have been postu-
lated to justify the high number of samples required in
some patients to obtain the diagnosis (6).On the other
hand, and similar to Risse et al. (17), we did not observe
any di¡erence in diagnostic yield between pre-and post-
bronchoscopic specimens. Multiple sputum specimens
collection apparently increases diagnostic yield regard-
less of its relationshipwith FBS
In summary, bronchial carcinoma not visible endosco-
pically canbe diagnosedby induced sputum in almosthalf
of the patients. Induced sputum is a non-invasive, simple
and cost-e¡ective technique that gives better quality
specimens than spontaneous samples. This study also
shows that induced sputum has a better diagnostic yield
in smaller lesions than spontaneous sputum, although
the small number of patients included with lesions less
than 2 cmmakes necessary to corroborate our ¢ndings
in larger series. All in all, we propose to include induced
sputum as a routine diagnostic investigation in selected
patients with suspected lung neoplasms. Particularly
suitable patients would be those with disseminated
disease, inoperability or severe co-morbilities thatmake
them candidates to symptomatic palliativemeasures.
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